Previous research has used both natural and simulated interactions to investigate the functions of infantdirected speech (IDS), but the effect of these approaches on the results of such studies is unclear. The aim of this study was to compare F(0) contours of natural and simulated speech directed to three distinct speech recipient groups to investigate the effects of different methodologies on research findings. F(0) contours were derived from IDS, foreign-directed speech (FDS) and speech directed to a native adult speaker (ADS).
Introduction
The majority of previous emotional or linguistic speech research has utilised simulated speech obtained in the laboratory, rather than genuine natural speech, to obtain standardised content that can be analysed and compared across different conditions (e.g., Banse and Scherer, 1996 , Bänziger and Scherer, 2005 , Biersack et al., 2005 , Bradlow, 2002 , Bradlow et al., 1996 , Papousek and Hwang, 1991 , Smiljanić and Bradlow, 2005 and Wallbott and Scherer, 1986 . Different speaker groups have also been used to obtain these simulated speech samples. Students have mostly been used because they are an easily available 'source' of participants in psychological research, and they represent a generic type of participant (e.g., Biersack et al., 2005) . Another group, actresses, has been used because they are thought to be better than lay-people at portraying emotional speech (e.g., Banse and Scherer, 1996 , Scherer, 1986 , Scherer, 2003 and Wallbott and Scherer, 1986 .
Some researchers have recognised and discussed the potential problems associated with the controlled nature of such simulated speech in comparison with natural speech (e.g., Murray and Arnott, 1993) , and the desirability of using spontaneous (natural) speech has also been highlighted by Smiljanić and Bradlow (2005) . However, direct comparisons of the simulated speech of students and actresses with natural speech have rarely been carried out (but see Williams and Stevens, 1972) . Recently, we attempted to address this lack of knowledge when we compared natural speech samples of an existing dataset (Uther et al., 2007) of infant-(IDS), foreigner-(FDS) and British adult-directed (ADS) speech with those produced by actresses and students in two previous studies (Knoll et al., 2009 and Knoll et al., 2011) . The current study is the third in a line of studies that aim to investigate comparability between simulated and natural genuine interactions focusing on F(0) contours occurring in IDS, ADS and FDS.
IDS background
Previous research has established that adults talk differently in interactions with infants compared to conversations with other adults (e.g., Burnham et al., 2002 , Fernald, 1993 , Fernald and Kuhl, 1987 and Uther et al., 2007 . The acoustic and phonetic characteristics of IDS are well recognised and considered to be universal (e.g., Fernald, 1989 , Grieser and Kuhl, 1988 , Kuhl, 2000 and Kuhl et al., 1997 . IDS has a characteristically higher fundamental frequency (F0) than ADS, and contains exaggerated F0 contours, shorter utterances, longer pauses and hyperarticulation of vowels (e.g., Andruski and Kuhl, 1996 , Bernstein Ratner, 1986 , Bernstein Ratner and Luberoff, 1984 , Burnham et al., 2002 , Fernald and Simon, 1984 , Karzon, 1985 , Kuhl et al., 1997 , Stern et al., 1983 , Trainor et al., 2000 and Uther et al., 2007 .
Acoustic modifications in IDS probably have a linguistic role, but they might also have emotional or attention-gaining functions (e.g., Bernstein Ratner, 1986 , Fernald and Simon, 1984 , Fernald, 1993 , Grieser and Kuhl, 1988 , Karzon, 1985 , Kitamura and Burnham, 2003 , Kuhl, 2000 and Trainor et al., 2000 .
Proponents of the linguistic role suggest that native acoustic language input during early development alters the neural processing of the incoming speech signal resulting in the creation of perceptual categories for native phonemes (i.e. mental maps; see Kuhl, 2000 and Kuhl et al., 1997 for a full review). This perceptual mapping of incoming speech biases infants' phonetic perception towards the sounds of their native language (e.g., Best, 2002 , Best et al., 1995 , Kuhl et al., 1997 and Tsao et al., 2006 . Due to this, infants at 6 months fail to discriminate foreign language contrasts that they were able to discriminate earlier, and language input thus clearly has a major effect on infants' perception of phonemic categories.
For instance, research (e.g., Burnham et al., 2002 and Kuhl et al., 1997) has shown that mothers use hyperarticulation1 of vowels in IDS, which seems to emphasise the difference between the phonemes of their native language. This may serve to make phonetic mapping more effective (e.g., Kuhl et al., 1997 and Kuhl, 2000) , and also appears to aid infants' ability to discriminate phonemes (Lui et al., 2003) .
Because infants do not understand the lexical meaning of words, advocates of the affective role suggest that the exaggerated features of IDS communicate emotional content to infants (e.g., Trainor et al., 2000) .
In this model the higher mean F0 and exaggerated F0 contours in IDS convey positive affect to the infant, and facilitate social interaction (e.g., Fernald, 1993 , Singh et al., 2002 and Trainor and Desjardins, 2002 . IDS might also play an attentional role where the exaggerated acoustic features of IDS serve to engage and maintain infant attention, and also encourage social turn taking (e.g., Kuhl, 1987 and Mazzie, 1991) .
The functions of IDS have been investigated by comparing IDS with unemotional and emotional ADS (e.g., Fernald and Simon, 1984 , Fernald and Mazzie, 1991 , Kuhl et al., 1997 and Trainor et al., 2000 , emotional pet-directed speech (PDS; Burnham et al., 2002) and FDS as an unemotional linguistic comparison group (e.g., Biersack et al., 2005 , Levitt and Geffrion, 1994 , Papousek and Hwang, 1991 and Uther et al., 2007 .
Focusing specifically on the linguistic role of F(0) contours, investigated F(0) contour variations in infant-and foreigner-directed speech. The authors analysed natural interactions between ten mothers and their infants, and a foreign and native British confederate. In line with previous research, they found that IDS was characterised by exaggerated F(0) contours, whereas ADS and FDS were characterised by level contours. concluded that the function of the exaggerated F0 contours was probably emotional or attentional. In the present study we will use as the comparative natural data-set.
Impact of different methodologies on research findings
Different methodologies have been used to obtain speech samples in comparative IDS research, such as natural interactions in the mothers' homes (e.g., Burnham et al., 2002 , Englund and Behne, 2005 and Uther et al., 2007 , and simulated interactions in the laboratory with mothers (e.g., Trainor et al., 2000) and nonmothers or students (e.g., Papousek and Hwang, 1991 and Biersack et al., 2005) . The extent to which these different methodologies and the use of simulated speech in comparison to genuine natural speech have affected the outcome of these studies is not entirely clear. Certainly, research on the facial expression of emotion gives good reason to investigate differences between posed and spontaneous speech. For instance, formants 1 and 2 production can be mediated by facial musculature, and therefore facial expression is important in generating acoustic features (e.g., those associated with emotion). Furthermore, research into the facial expression of emotion has long distinguished between voluntary and involuntary expressions (see Prodger, 2009, p. 16, on Darwin and Duchenne) . There are also differences in form and timing between posed and spontaneous expressions that can be distinguished by observers (Davis and Gibson, 2000 , Ekman and Friesen, 1982 , Hess and Kleck, 1990 , McLellan et al., 2010 and Parkinson, 1995 .
Furthermore, genuine expressions of emotions activate established neural pathways that allow rapid and more complete emotional expression in the face and by extension in the voice. It therefore follows that there are definite neuroanatomical differences ( Rinn, 1984 and Matsumoto and Lee, 1993) involved in generation of facial expression during production of speech, and it is possible that certain acoustic features that are related to these in genuine natural speech may be difficult or impossible to replicate in posed (i.e. simulated) speech because of these neural differences.
Another problem with this area of research is that comparison studies are relatively rare. Fernald and Simon (1984) found that F0 contours in natural IDS were more exaggerated than F0 contours in simulated IDS (both of which consisted of spontaneous speech produced by mothers), but that simulated IDS presented more exaggerated F0 contours than ADS. In contrast, Schaeffler et al. (2006) compared acoustic modifications in speech of mothers in interactions with their children ('spontaneous speech') and nonmothers without an interaction partner ('non-spontaneous speech'). These authors found that spontaneous speech differed in terms of shimmer and harmonics-to-noise ratio from non-spontaneous speech, but not in relationship to any other acoustic measures (i.e., F0, formant 1, formant 2, etc.).
However, Schaeffler et al. (2006) used standardised brochures and sentences in both their conditions including the 'spontaneous' condition, rendering the spontaneity and naturalness of that condition doubtful. Consequently, more comparative investigations of both natural and simulated based speech research are clearly needed.
We recently attempted to determine whether different methods of data collection resulted in comparable speech modifications by comparing target words of natural speech samples of IDS, ADS and FDS with those produced by students and actresses in imaginary interactions using 'free speech' (without a script; Knoll et al., 2009 ) and standardised sentences (Knoll et al., 2011) . We found that we could reproduce the rated high emotional affective aspects of the different natural speech types in the simulated laboratory condition (IDS > ADS > FDS; established by affective ratings of low-pass filtered excerpts of the actress and student speech samples) in both studies. We speculated at the time that the speakers in imaginary IDS may still have used exaggerated F0 contours, and that this may have been used as a cue by the raters for the identification of the higher emotional affect in simulated IDS. Furthermore, the speech produced by actresses exhibited vowel hyperarticulation and mean F0 measures similar to the natural speech samples in both studies.
However, we were strikingly unsuccessful in reproducing vowel hyperarticulation in our student speech samples, although the students were able to simulate the characteristically high mean F0 in IDS in the standardised sentence condition (Knoll et al., 2011) . Vowel hyperarticulation has been found to be a linguistic characteristic of both IDS and FDS (e.g., Uther et al., 2007) , but the modification may not be easily perceived and reproduced by speakers without specific experience (e.g., acting training) or direct interaction with the target group (e.g., mothers with infants). The students, due to lack of acting training, were possibly diffident or unable to produce hyperarticulation of vowels due to the subtlety of the modification, and would be more successful with the reproduction of such a conspicuous cue as exaggerated F(0) contours. We intend to investigate this possibility in the present study.
Aim of the research
The main aim of this study is to further investigate the degree of comparability between simulated and natural speech by exploring whether F(0) contour patterns occurring in natural IDS, FDS and ADS can be reproduced in simulated interactions with student and actress speakers. In previous studies we already analysed and compared other acoustic measures across the natural and simulated datasets (see Knoll et al., 2009 and Knoll et al., 2011) . For this reason and to keep our study comparable to the published findings of , we focused our analyses on F(0) contours in the present study. As actresses had already been found to be able to reproduce similar acoustic features in simulated IDS and FDS to natural speech in our earlier studies, we would expect patterns of F0 contour variation between IDS, FDS and ADS produced by actresses to closely resemble those of the mothers (i.e., exaggerated contours in IDS, with level contours in FDS and ADS). The ability of students to replicate natural F(0) contours in simulated speech is presently unknown. However, in contrast to the trained actresses, we would expect that the untrained students' may be less able to replicate accurately these F0 contours.
In order to facilitate optimal comparison between the natural and the two simulated datasets, the current study utilised the student and actresses' 'free speech' (e.g. Knoll et al., 2009 ) rather than the 'standardised sentences' datasets (Knoll et al., 2011) for the extraction of the F(0) contours. In the sentence condition, the speakers were instructed to utter the sentences 'Look at the shark' (or sheep or shoe). Such sentences have an imperative discursive function with the target word appearing at the final position of the utterance. By comparison, genuine IDS, ADS and FDS utterances will include a wide variety of different discursive functions and target word positions in those utterances. We hypothesised that the use of the 'free speech' condition would provide the actresses and students with the freedom to produce a variety of functional utterances that are comparable with those of the mothers' natural speech. We tested this by analysing the discursive function of the utterance and the position in which the target word appeared across the speaker and speech recipient groups.
Method
The acoustic measures of the present study were derived from two existing datasets of speech directed to infants, foreigners, and adults. The two datasets consisted of simulated speech samples produced in 'imaginary interactions' by students (henceforth referred to as 'students') and by professional actresses (henceforth referred to as 'actresses'; Knoll et al., 2009 and Knoll et al., 2011) . These two data-sets were compared to an existing data-set of F0 contours that were derived from natural interactions (henceforth referred to as 'mothers'; Knoll et al., 2006 and . Specific information about the speakers can be found in the original papers, but the essential details are presented here.
Speakers

Natural dataset -'mothers' (Knoll et al., 2007)
The natural speech samples consisted of recordings of ten mothers from Southern England (mean age 30.7 years) interacting with their infants, a foreign (Chinese) and southern English confederate (both women in their early twenties). The recordings were carried out in the mothers' houses. For each interaction, the mothers were provided with three toys to promote consistency of conversation content, otherwise the interactions were natural and spontaneous.
Simulated speech -'students' and 'actresses'
The simulated speech samples consisted of recordings of ten female students (mean age 22.9 years) and ten professional actresses (mean age 28.4 years), who imagined talking to an infant, a foreign and a British adult. The actresses had all undergone professional acting training and had been acting for at least 1 year (mean 5.6 years). The students reported no previous acting experience. None of the speakers was hearing impaired, and they had been living in the South of England for at least 80% of their lives. To keep these imaginary situations consistent with the speech samples of the mothers, the speakers were instructed to imagine that they were talking to a close family member (e.g., niece, nephew or even own child) in the infant condition, but they were not provided with an example or idea of how IDS should sound. For both the British and foreign adult interactions, speakers were instructed to imagine talking to a female stranger in her early twenties. In the foreign interactions they were instructed to imagine that the person had been living in the UK for less than 2 months, and that they might encounter some communication problems. In order to avoid sources of acoustic variation due to different utterances (a problem in non-standardised speech samples), the speakers were provided with the same toys as the mothers in the original study to promote use of the same target words 'sheep', 'shark' and 'shoe' in each condition. Apart from the toy material, the speakers were encouraged to construct and invent their own scenarios, which ideally should have resulted in 'free speech'.
Raters
Ten raters (five for each of the speaker groups) were recruited from the student and staff population of the University of Portsmouth for the qualitative analysis. We recruited different raters for each of the speaker groups (students and actresses), as the analyses for these were not carried out simultaneously. In order to determine reliability, Cohen's Kappa for each of the rater pairs2 was calculated, and the overall median and mean values for these calculations for each speaker group were determined. The inter-rater reliability between the other raters was found to be sufficient (see Table 1 for gender distribution, age, mean and median Cohen's Kappa). To determine the intra-rater reliability, one rater in each of the speaker groups repeated the procedure 3 weeks later, and this was found to be good (students = .748; actresses = .870). 
Extraction of F(0) contours and image files
To retain consistency with , our F(0) contour analyses focused on specific target words ('shark', 'sheep', 'shoe'). The use of target words was necessary to allow comparison across the different speech recipient (IDS, FDS and ADS) and speaker conditions (mothers, students and actresses).
It should be noted that, although contour analysis of whole utterances might be informative in an overall sense, even studies that have analysed phrases have focused detailed information extraction at the single word level Simon, 1984 and Stern et al., 1983) . Linguistic (acoustic) modifications at the word level have already been demonstrated in IDS (e.g., Andruski and Kuhl, 1996 , Burnham et al., 2002 and Kuhl et al., 1997 , FDS (e.g., Uther et al., 2007) , and even ADS (e.g., Fernald and Maizzie, 1991) . It has also been shown that infants (e.g., and Nazzi et al., 1998 and adults (e.g., Bradlow et al., 1996) are sensitive to and can benefit from word-level acoustic changes, supporting the notion that further word-level linguistic highlighting may be present in the form of specific F(0) contours shapes.
From an original dataset of 763 words, 360 of the target words (i.e. sheep, shark, shoe) were randomly selected for the extraction of the F(0) contours. This reduction in data was necessary because of the timeintensive nature of the image-processing phase and also made it comparable to the methods of . This resulted in an assignment of 180 words per speaker condition (students and actresses), divided into 60 words per speech recipient condition (IDS, ADS and FDS). F(0) contours were extracted from these words using Praat 4.5.16 (Boersma and Weenink, 2006) , the F(0) range for the extraction was set at a floor of 100 Hz and a ceiling of 600 Hz. In order to obtain more homogeneous contours, the 'smooth' function was used (set at bandwidth 10 Hz). Finally, the F(0) contours were graphically rendered in Praat 4.5.16 (set at a duration of 0.7 s). F(0) contours were then standardised for duration without distorting their shape, and the lines were then converted to a standard TIFF format at 72 dpi in Corel PhotoPaint 11.0. Our methods here follow .
Rating scheme
The rating scheme was adapted from and comprised five shapes consisting of (1) bell (updown); (2) complex (sinusoidal up-down-up or down-up-down); (3) falling (down); (4) rising (up); and (5) level shapes. The raters were also offered an 'undecided' option that they could select if they were unable to categorise the images into one of the five shapes.
Procedure
Qualitative analysis
For the qualitative analysis, raters were required to allocate each of the presented F(0) contour images to one of the shapes on the rating scheme. Raters were told that the shapes on the rating scheme were 'ideal'
representations and that the presented images would probably not exactly resemble these 'ideal' shapes, and that they could select the 'undecided' option if unsure. Before the main rating, raters were given trial images (which were not included in the later analysis) to familiarise themselves with the images and rating scheme. Once this trial was completed, the raters were presented with the images in random order to avoid order effects.
Eigenshape Analysis
The use of Eigenshape Analysis for F(0) contour analysis along with qualitative analysis was first introduced and evaluated by Knoll et al., 2006 and and the relevant background can be found in these papers. However, as this technique is normally used in the zoological sciences for biological morphology categorisation rather than acoustic research, a short introduction is in order. Eigenshape Analysis uses a principal component-like approach to characterise the actual shape variation of (F(0)) contours through transformation of the contours' x-y co-ordinates ( MacLeod, 1999) . TpsDig 2.0 (Rohlf, 2005) was used to collect these x-y contour coordinate nodes from the F(0) contour TIFF images. Digitisation begins from a common landmark point located at the start of a shape, and this arrangement must remain constant for all images to be digitised (MacLeod, 1999) . Consistent with the direction of Cartesian graphing output, in the current study the extreme left hand side was used as the starting point, and the nodes were positioned along the upper edge of the F(0) contour. The number of coordinate points required to characterise the curve accurately depends on the complexity of its shape, and must remain constant in all images. To keep our methods consistent with we used 37 coordinate points, which were found to be sufficient to characterise all curves.
The resulting coordinate pairs were then transformed from their Cartesian (x-y) form to a Ф (Phi) shape function using MacLeod's 'X-Y to Phi.exe' program. This procedure provides a series of net angular deviations from the starting point that represent a dimensionless map of the contour shape ( MacLeod, 1999 ). Based on an accuracy level of 95% (see MacLeod, 1999) , nine nodes (IDS = nine; ADS = seven; FDS = eight) for the students and eight nodes (IDS = eight; ADS = seven; FDS = five) for the actresses were interpolated from the original 37-node curves. This is in contrast to 18 nodes (IDS = 16; ADS = three; FDS = three) in the natural data-set . This indicates that, in general, the shapes in the natural dataset were more complex than the shapes in the student and actress datasets. The Φ-transformed coordinate data output of 'X-Y to Phi.exe' was then analysed using 'Eigenshape.exe'. We provided a summary of the different steps related to Eigenshape Analysis and the respective Eigenshape programs in Table 2 , but see for specific information on this procedure. 
Analysis of discursive function and word position
In addition to the qualitative and quantitative analysis of the F0 contours, coding was also carried out of the discursive functions of the utterances in which the analysed words appeared, together with word position within these functions. As no comparative data existed, the coding was carried out for each of the three datasets. The coding scheme for the discursive function included four statement types, which were declarative statements, interrogative statements, imperative statements and exclamations. This was sufficient to code the functions in the present study. Four different word positions were also included in this coding scheme consisting of words at the beginning of an utterance including accompanying articles (utterance-initial), words in the middle of an utterance (utterance-medial), words at the end of an utterance (utterance-final) and stand-alone utterances of the target words.
Results
For the qualitative analysis, the ratings of the F(0) contours (frequencies) were subjected to Pearson's Chisquare analysis. The 'undecided' category was rarely chosen, and was therefore omitted from the analysis.
This resulted in a 3 (IDS, FDS and ADS) × 5 (contours) contingency table. Eigenshape scores generated from
x-y coordinates in Eigenshape Analysis were analysed using CVA.
Qualitative analysis
A similar pattern of association existed across the different raters within each speaker condition.
Consequently, each rater's rating for each image was taken into account, resulting in five data points per image per condition for the students and four data points per image per condition for the actresses (e.g. 60
IDS images in the student condition × 5 raters = 300 data points). Separate Chi-square analyses for the actress and student data were conducted. reported a significant association between the contour category and speech recipient group for the natural data-set (χ2 = 544.038, df = 8, p < .001). This was also the case for student (χ2 = 67.452, df = 8, p < .001) and for actress speakers (χ2 = 54.062, df = 8, p < .001). However, greater discrimination3 between variables was found for the mothers (contingency coefficient: .628) than for the students (contingency coefficient: .264; F(8, 8) = 8.066, p < 0.01) or for the actresses (contingency coefficient: .267; F(8, 8) = 10.063, p < 0.01). However, there was no difference between the actresses and the students. To provide a further comparison between the different contingency tables and to account for varying sizes, we calculated Cramer's V. Cramer's V produced a value of .196 for the actresses and .160 for the student speakers, compared to the reported value of .571 for the mothers in the natural data-set .
Similar to the results for the mothers, a higher proportion of IDS produced by actresses and students was characterised as bell and complex contours (27.6% and 28% respectively) than ADS or FDS (see Table 3 ).
However, the difference between IDS and the adult conditions was significantly smaller than in the natural speech samples (88%). A large proportion of the IDS contours for students and actresses were also characterised as level contours (31% and 27.2% respectively) compared to a smaller proportion of the mothers' IDS contours (16%). Consistent with the mothers' data, the actresses and students produced fewer bell or sinusoidal contours in both FDS (students: 25.1%, actresses: 24.5%, mothers: 1.5%) and ADS (students: 14%, actresses: 19.8%, mothers: 1.1%) compared to IDS. A large proportion of ADS contours produced by students were characterised as level contours (39.8%) followed by falling contours (26.1%) and then rising contours (20.1%). This proportion is still not comparable to the natural speech samples, where the frequency of level contour ratings was much higher in the mothers' ADS (81.1%). Note. O = Observed, E = Expected, % refer to percentages within speech recipient groups.
The majority of ADS F(0) contours produced by the actresses were characterised as falling contours (46%), followed by 28.7% level contours with a comparatively low percentage of rising contours (5.5%). In contrast to the FDS contours produced by mothers (mainly level contours), the majority of FDS contours for the actresses and students were evenly distributed between the categories (with the lowest percentage occurring in the bell category for both speaker groups, see Table 3 ). Our qualitative results here indicate that the F(0) contour distribution between the three speech recipient groups are markedly different in the natural dataset compared to the simulated datasets.
Eigenshape Analysis
Results provided by the Eigenshape programs
Almost 54% of the shape variation in all three speech recipient groups (IDS, FDS and ADS) for the student interactions, and 69% for the actress interactions, was attributable to the first Eigenshape axis (this information is provided by the program and is a measure of the shape variation between speech recipient conditions). The actress data here are comparable to that of the mothers, where almost 70% was attributable to the first Eigenshape axis. Separate analysis of IDS, ADS and FDS demonstrated that the variation on the remaining Eigenshape axes was due to all speech recipient conditions for both students and actresses. In contrast, the variation of the remaining Eigenshape axes in the mothers' dataset was entirely due to IDS, whereas ADS and FDS F(0) contour variation was more similar to each other . This indicates that the three speech recipient groups for both students and actresses are similar in that they possess less distinct shape variation than those of the mothers.
Consistent with the qualitative analysis, the mean Eigenshape of the mothers' IDS F(0) contours had a more exaggerated curve than either ADS or FDS (see Fig. 1a ), whereas the mean shapes of ADS and FDS exhibited almost identical slightly curved level contours. In contrast to this, the mean shapes of the three groups for the student interactions are relatively similar to each other and form inverted bell curves (Fig. 1b) .
Fig. 1.
Comparison of mean pitch contour shapes produced by mothers (A), students (B) and actresses (C) for IDS, ADS and FDS plotted on Eigenshape 1 versus Eigenshape 2.
Complementary to the qualitative analysis, these mean shapes are due to the high occurrence of level, rising and falling contours in each of the three groups, which would result in this average outline. It is interesting to note that the adult F(0) contours of the actresses resemble those of the adult F(0) contours of the students, but to a certain degree the IDS F(0) contours resemble the natural IDS F(0) contours (Fig. 1a-c) .
The ADS and FDS contours of the simulated speech samples (students and actresses) were qualitatively characterised with more bell and complex contours than the ADS and FDS contours of natural speech, and these results are also observable in the mean shapes of the students and actresses (see Fig. 1a-c) .
Canonical Variates Analysis (CVA)
To determine how distinct the three speech recipient groups are from each other, a CVA (simultaneous entry; separately for student and actress speakers) was performed with speech recipient groups as the independent variable, and the scores on the seven axes4 (students) and six axes (actresses) derived from Eigenshape Analysis as the dependent variables. Two discriminant functions were calculated for each of the two speaker groups (student and actresses), but these functions were not statistically significant for the students or for the actresses.
In contrast, reported that the values of the first of these functions for the mothers were significantly different for IDS, ADS and FDS, whereas the second function was not significantly different. Fig.   2 illustrates how each of the F(0) contours cluster on functions one and two, and shows the group centroids for each speech recipient condition separately for mothers (adapted from Knoll et al., 2007, Fig. 2a) , students ( Fig. 2b) and actresses (Fig. 2c) . Compared to the natural speech samples where the position of the group centroids indicated that IDS was very distinct from both ADS and FDS, the student and actress datasets show no distinction between the three speech recipient conditions.
Fig. 2. Combined plot of CVA functions for IDS, ADS and FDS of mothers (A), students (B), and actresses (C). Figure options
Overall, the discriminant functions predicted a successful classification for 44.4% of all student cases and for 45% of all actress cases, compared to almost 75% in the natural speech samples, see Table 4 ). Correct classification for each speech recipient group for the students and actresses was much lower than for the mothers (IDS: 75%, FDS: 59% and ADS: 77%). Interestingly, there was an even distribution between the three speech recipient conditions for students and for actresses with regards to which group was mistaken for which. For instance 30% of student IDS shapes were mistaken for ADS shapes, and 23.3% were mistaken for FDS shapes (30.0% and 21.7% respectively for the actress IDS shapes). The distribution in the adult conditions was similar to this, although the actress FDS shapes were more often confused with ADS than with IDS. The quantitative results provided by the Eigenshape programs and the subsequent CVA show that there was better separation between IDS, FDS and ADS in the natural dataset compared to the simulated datasets. 
Comparison of qualitative and quantitative analyses
To determine the comparability between the raters' F0 contour categorisations and the results from the Eigenshape programs, we conducted three CVA's (simultaneous entry, separate for the mothers, students and actresses). We determined the average shape for each of the contours based on the majority of the raters' categorisations and used these as the independent variable with the scores on the sixteen axes (mothers), seven axes (students) and six axes (actresses) derived from Eigenshape Analysis as the dependent variables. Four discriminant functions were calculated for each of the three speaker groups, two of these were significant for the mothers (Function 1: Chi-square = 305.981, p < .001, Wilks Lamda = .140; Fig. 3 shows the position of the group centroids for each of the contours for each of the speaker groups. The group centroids in the three datasets show good separation between each of the contours indicating that the scores on the Eigenshape program correspond with the categorisations of the raters. However, categorisation was slightly better in the natural compared to the simulated datasets. Overall, 91.6% of the cases were correctly identified in the natural compared to 67.9% in the student and 62.8% in the actress datasets (see Table 5 for classification results). These results indicate that there was good to very good agreement between the raters' categorisation on the one hand and the results provided by the Eigenshape programs on the other.
Fig. 3.
Combined plot of CVA functions for qualitative contour types as categorised by the raters of mothers (A), students (B), and actresses (C). Table 5 . Predictions of discriminant functions for contour types as categorised by the raters for students, actresses and mothers in percentage. 
Discursive function and word position
In order to investigate discursive function of utterance and word position as a function of speaker groups, speech recipient groups and F0 contours types, we conducted twelve frequency analyses (i.e., Fisher's Exact Test, because assumptions of Pearson's Chi-square were not met).
Association between F0 contour shape, function of utterance and word position
Given that the speech was spontaneous/unscripted in all of the conditions, it is possible that there were also linguistic differences -word position and discursive function -and that these were responsible, at least in part, for the observed acoustic differences. In fact, this was not the case. There was no significant association between F0 contour shape (i.e., bell, complex, falling, rising and level contours) and word position (i.e., utterance-initial, utterance-medial, utterance-final and standalone) for any of the three speaker datasets. This means that word positions were equally distributed across the F0 contour shapes for the three speaker groups.
There was a significant association between the contour shape and the function of the utterance for the mothers (χ2 = 47.370, df = 6, p < .001), the students (χ2 = 21.546, df = 6, p < .007) and the actresses (χ2 = 18.903, df = 6, p < .024). In the natural dataset, there were fewer bell and complex contours observed in declarative sentences than expected, but more than expected were observed for interrogative utterances (bell and complex contours) and exclamations (bell contours only). More rising and level contours were observed in declarative sentences than expected, with fewer than expected in interrogative utterances and exclamations (level contours only). In the student dataset, more falling contours were observed than expected in the declarative utterances, but fewer complex contours were observed in those utterances.
However, more complex contours than expected were observed in interrogative and exclamation utterances. For the actress dataset, fewer bell and complex contours were observed than expected in declarative sentences, with more rising and level contours than expected. More bell contours were observed than expected in the interrogative utterances. In fact, there are similarities in the distribution of the expected and observed frequencies across the three speaker sets. Most importantly, the majority of the words used for the extraction of the F(0) contours occurred in declarative utterances. This was the case for all three speaker groups (mothers: 79%, students: 85% and actresses: 82.8%). However, in the natural dataset only 56% bell contours occurred in declarative utterances compared to 76.9% in the student and 66.7% in the actress datasets. The overall percentage distribution across the other discursive functions is comparable for the three speaker sets.
Speech recipient groups/function of utterance/word position
We also investigated whether there was an association between the speech recipient groups (i.e., IDS, ADS and FDS) and the discursive functions and word positions. In the natural dataset, there was a significant association between the speech recipient groups and the type of functional utterance (χ2 = 40.124, df = 6, p < .001) and the word positions (χ2 = 18.909, df = 6, p < .001). In IDS, mothers used fewer declarative utterances and more exclamations and interrogative and imperative utterances than expected. This was reversed for both adult conditions. Mothers also used fewer utterance-medial positions and more utterance-final positions than expected in the IDS condition, whereas the reverse was true for the adult conditions. More utterance-initial positions than expected were used in FDS compared to ADS where fewer than expected were used. There was a significant association between the speech recipient groups and the type of functional utterance (χ2 = 19.123, df = 6, p < .001) and the word positions (χ2 = 12.719, df = 6, p < .032) for student, but not for actress speakers. Students used fewer declarative utterances in IDS than expected and more interrogative utterances and exclamations. This was reversed for the adult conditions. This result is similar to the results of the natural dataset. Interestingly, students used more imperative utterances than expected in FDS, but fewer than expected in ADS. Students also used more medianutterance positions than expected for IDS and FDS, with fewer than expected in ADS. They also used more utterance-initial positions than expected in FDS and more utterance-final positions than expected in ADS.
The results for the discursive function and word position across the F0 contour shapes and the speech recipient groups show that linguistic differences were not responsible for the observed acoustic differences between the natural and simulated datasets.
Discussion
The aim of the present study was to investigate the comparability of natural and simulated speech by comparing F(0) contours in IDS, FDS and ADS across three different speaker groups (mothers, students and actresses). In the present study, the difference in F(0) contours between the mothers' natural IDS (mainly sinusoidal-bell contours) and ADS/FDS (mainly level contours) were not reproducible in a laboratory context with simulated speech produced by either students or actresses. This finding was evident in the Eigenshape Analysis, as no difference was observed between the three speech recipient groups for both actresses and students, and in the results of the qualitative analysis, which markedly differed from those of the mothers' natural dataset . Our finding that both methods are consistent with each other provides even stronger evidence of the difference between the simulated and natural datasets.
Furthermore, our analyses of the function of the utterances and the word position of the target words indicate that our F(0) contour results were not an artefact of linguistic differences.
With regards to the students, the results are consistent with our earlier findings of vowel hyperarticulation in the same sample, but do not follow our findings with regards to rated emotional affect (Knoll et al., 2009) . As with the natural data-set, we had previously found that student-produced IDS was rated more positively than FDS or ADS. We speculated that this may be due to a conspicuous cue (e.g., exaggerated F(0) contours). This was not the case, as a significantly smaller percentage of the overall student F(0) contours were characterised as bell and complex contours in the qualitative analysis compared to the natural samples and the same applied to the actresses. Trainor et al. (2000) noted an association between these shapes and particular emotional and turn-taking interactions, and suggested that these contour shapes were responsible for the melodic quality of IDS. This could explain why both speaker groups were unable to replicate these contours successfully, as they lacked an infant interaction partner to take turns with.
Whilst the result of student speakers was not entirely unexpected, given our previous findings (Knoll et al., 2009 and Knoll et al., 2011) , we were surprised that the actresses also failed to simulate the pattern distribution of naturally occurring IDS and FDS F(0) contours. The failure of the actresses to reproduce F(0) contours similar to those of the mothers is particularly remarkable, as we had previously found that actresses were able to simulate most of the acoustic features occurring in IDS and FDS in both the current 'free speech' (Knoll et al., 2009 ) and in a 'standardised sentences' condition (Knoll et al., 2011) . The finding is also puzzling considering our expectation that actresses might be able to tap into involuntary neural pathways for emotional expression, which should result in more natural displays of emotional expression in the face and thus voice. These results show that it may be impossible to simulate the full range of prosodic modifications in simulated speech even with professional acting training.
Interestingly, rather than simulated IDS revealing similar level contours to natural ADS and FDS, there was more variation within the simulated speech recipient conditions for both student-and actress-produced speech, and a wider distribution across the shapes than across those of the natural sample. A large proportion of ADS and FDS shapes used by the students and actresses seem to occupy the falling contour category, which is associated with declarative sentences in adult-directed speech (Stern et al., 1983) . We found that the student and actress speakers mostly uttered the target words in such a manner (100% of falling contours for students; 80% for actresses). Because they provided their imaginary adult counterpart with a declarative statement (i.e., "This is a shark") or a description of the toy (e.g., "The shark has big teeth"). Interestingly, this was concordant with the mothers' F(0) contour pattern, as the second highest category for the natural ADS and FDS was falling contours. The students also used a high percentage of rising contours when addressing their imaginary foreign counterpart. Rising contours are associated with questioning and turn taking (Fernald, 1989) , and it is possible that the students used this questioning speech style for the target words in their imaginary interactions as verification of comprehension. We found that the students used more rising contours than expected in interrogative utterances, and this would support this suggestion.
It should be noted that the mothers used more rising contours in the FDS condition than in both the ADS and IDS conditions, which could lend support to the notion that rising contours may be characteristic of FDS. A higher degree of questioning might appear to cast aspersions on the listener's capacity to understand, and this finding may thus explain the higher degree of negative vocal affect for FDS in our earlier study (Knoll et al., 2009 ). Interestingly, we did not find that mothers used more imperative statements than expected in the FDS conditions. However, this may be due to the use of basic target words in an adult condition, and this possibility would need further investigation with fewer basic and more diverse target words. It has been found that once words are established as old information, they will no longer be linguistically highlighted (Fernald and Mazzie, 1991) and this may have occurred in the Knoll et al.
Our findings of simulated speech also differ from those of previous studies investigating F(0) range in simulated IDS, FDS and ADS (Biersack et al., 2005) , where IDS had been found to contain a greater F(0) range than the adult conditions. Although F(0) range and F(0) contours are associated, they are not synonymous, and the two studies are thus not directly comparable (e.g. a bell shaped F(0) contour could present the same F(0) range as a rising F(0) contour). However, it is possible that the F(0) range rather than the contour shape in our simulated conditions (students and actresses) would show a closer similarity to the F(0) range of the mothers, and we are currently in the process of investigating this possibility. Nevertheless, the F(0) contour shape of the simulated speech should have resembled that of the natural speech samples if the two are truly comparable. That this is not the case suggests that simulated speech of either actresses or students is not informative about the respective functions of F(0) contours in natural IDS and FDS.
Imaginary scenarios and simulated interactions are therefore not ideal for eliciting the full range of prosodic modifications found in natural speech, and in some cases even acting experience is insufficient to inform the speaker about the full modifications required in interactions with different audiences. It has already been noted that prosodic modifications in IDS are reflexive, instinctive and perhaps even unconscious (e.g., Burnham et al., 2002 and Burnham, 2003) . If so, experience with infants may not strictly be necessary so long as a real infant is present to interact with. We also used toys for eliciting the target words in the present study to obtain the same target words as in the comparative natural speech study. It has been argued that toys can provide a focus of common attention and activity between parents and their children, and thus may have a crucial role in developing social skills and communication (e.g., Rodríguez, 2007 and Williams et al., 1999) . Our findings show that the use of toys for eliciting target words containing acoustically relevant modifications is only advisable in a context in which the speaker can use the toy as an interactive medium to encourage joint attention and communication.
Similarly, a foreign confederate with genuine comprehension problems and more adult-appropriate tasks that are relevant within an interaction between a foreign and native speaker may be required to elicit spontaneous speech with all the clarity-enhancing speech modifications. After all, a real speech partner will provide genuine comprehension feedback as part of normal natural speech, and the speaker can then react to this feedback with the appropriate speech modification regardless of whether it is intended to be linguistic, emotional or attentional. We mentioned earlier that Murray and Arnott (1993) have highlighted the difficulties of the 'trade off' between the 'realism' of speech and the necessity of controlled content in speech research, and that the desirability of using spontaneous speech in research has also been acknowledged by Smiljanic and Bradlow (2005) . Recently, there have been attempts at providing tasks that elicit spontaneous speech whilst retaining some degree of control in the form of target words (e.g., Diapix task; Van Engen et al., 2010, and the DiapixUk task, which is an extension of the original Diapix task; Baker and Hazan, 2011) . The use of these tasks has already been successfully implemented in forensic speech research (e.g. Knoll and Thorburn, 2012) and other studies comparing clear reading and clear speech styles (Hazan and Baker, 2010) . The present study highlights the need for the development of more similarly innovative tasks, and for more speech research to utilise the Diapix task.
Conclusions
This was the third of a series of studies investigating the comparability of natural and simulated speech using IDS, ADS and FDS as the focus of investigation. In contrast to our previous studies (Knoll et al., 2009 and Knoll et al., 2011) , neither the students nor the actresses in the present study were able to approximate the F(0) contour distribution found in natural IDS (sinusoidal-bell contours) and the two adult conditions (mainly level contours). Therefore simulated speech interactions should be used with caution in future research. Reciprocal feedback between speakers and listeners seems to be necessary to elicit the full range of speech modifications, and there is clearly a need for the development of more ecologically valid speech scenarios to investigate spontaneous speech.
